Introduction
Asthma is a common, often chronic, condition. Sudden severe attacks, or longstanding poorly controlled asthma can result in hospital admission for the treatment of acute severe asthma. Guidelines for the care of acute asthma in hospital were first published by the British Thoracic Society (BTS) and others in 1990, ' and have since been revised. 2" The relation between the process of hospital care and readmission has been investigated, with largely inconclusive results for most medical conditions" and with conflicting results in acute asthma.8 9 An initial study showed a positive association between the process of care and readmission,' which was not subsequently confirmed.9 That study did not, however, set out to consider this particular issue, and there were also other confounding factors operating.
Preliminary results,'0 recently confirmed," from a randomised controlled trial that assessed the impact of structured discharge planning in children with acute asthma has shown that the readmission rate declined in the group given more intensive structured discharge planning * Pulse rate on admission-taken from the accident and emergency record or first assessment in the ward'5 * Deprivation category, derived from the postcode of residence of the patient, categorised into seven groups, with category 1 indicating the most affluent area of residence and category 7 the most deprived'6: -this was collected because of evidence of greater deprivation being associated with higher rates of admission and readmission with acute asthma (see discussion)
* Duration of hospital stay-recorded from routine data; the duration of oral corticosteroids treatment after discharge could be influenced by the duration of treatment in hospital.
All these variables described with the exception of admission pulse rate, duration of hospital stay and deprivation category of area of residence, constitute the recommended BTS dataset for audit of the management of acute asthma care in hospital. These variables (summarised in box 2) were collected from case notes retrospectively by RS. It was important to assess carefully any confounding due to differences in patient populations or severity of the presenting episode. We have shown the groups to be similar demographically. Furthermore, although there was no significant difference detected in the variables used to measure severity of the presenting episode, the trend in all these variables (PEF, pulse rate, and pCO, at admission) suggested that patients presenting to hospital A (with the lower readmission rate) were, if anything, of marginally greater severity. The similarity in proportions with notable PEF variability before discharge is another marker for the groups being similar in severity. There was some evidence, 19 more recently refuted by a prospective study designed to test this,20 that patients with greater PEF variability before discharge were at greater risk of readmission.
No account could be taken of criteria for referral from primary care, in this retrospective review of case notes. There is some evidence of admission rates for acute asthma being higher in areas of social deprivation' and of readmission rates being associated with greater social deprivation. 22 Notwithstanding any possible differences in referral or admission policies, the samples were similar for age, sex, severity of the presenting episode, and the deprivation category of the patients' area of residence.
A limitation of the study is the sample size. Although the samples were small, the analysis showed significant differences in the process of care. Missing data could bias results, particularly in a study with a small sample size. This seemed to affect both samples equally-for example, the recording of two PEFs in the 24 hours before discharge. In other cases the variable with many missing data was supported by other measures. Measurement of episode severity could have been biased by fewer recordings of pCO2 in hospital B, but comparisons of pulse and PEF measurements confirmed the similarity of the groups.
It is clearly important to look for the reasons underlying differences in the process of care between the two hospitals. For example, although temporarily increasing medication, including inhaled corticosteroids, is recommended after an episode of acute severe asthma, there may be reasons why this is not done. Patients with severe disease may already be taking high doses of oral and inhaled corticosteroids, leaving little scope for further increases. If this were the explanation for the lesser tendency to increase inhaled corticosteroids in hospital B, it would be expected that more of the patients of that hospital would be discharged on long term oral corticosteroids. This was not found to be the case. Likewise, a longer stay in hospital might affect the duration of time that oral corticosteroids were continued after discharge, but the median duration of stay was similar in the two groups. There can be no doubt that systemic corticosteroids were given sooner after admission and inhaled and oral corticosteroids were used more intensively in the hospital with the lower readmission rate.
The evidence for a link between process and outcome found here is therefore robust.
Published evidence linking readmission with the preceding quality of care is confused. Frank et al found potentially avoidable lapses in the quality of care of readmitted patients and suggested that stricter assessment before discharge and coordination of follow up might reduce readmission.' Ludke et al, however, found inadequate discharge planning to be common both in general medical patients who were and were not readmitted, suggesting that other factors were also operating.6 Readmissions in patients with obstructive lung disease were linked to variations in standards of care, but not all readmissions were identified in that study, which also studied only male veterans. In a review, Milne and Clark did not endorse the use of readmission rates as a direct outcome measure for general medical patients.
Improvements in adherence to guidelines on acute asthma over three consecutive audits were shown in one hospital, in which initial audit showed an association between process and outcome,' which was not subsequently confirmed.9 In the second study, however, major improvements in the process of care in hospital, but not at the stage of discharge planning were found. Madge et al recently reported reduced readmission rates in association with structured discharge planning."
It is interesting to speculate on possible differences in the organisation of care that may underlie the differences in process and outcome found, but this study did not set out to examine differences in the structure of care. The hospitals were chosen for their different readmission rates, but also because they were considered to handle acute emergencies within a similar framework, as well as both being city centre hospitals with similarly deprived catchment areas. Organisational issues are best considered locally, in the light of process and outcome data, to make the link between observed deficiencies and possible causes,24 particularly as the evidence that different organisational frameworks influence outcome in acute asthma is limited to the finding that specialists manage the condition better. 25 The importance of the finding of a robust association between process and outcome shown here is that it allows for the possibility of routine outcome data, where there is reasonable certainty of their accuracy, to be used to monitor the quality of care with persistently high readmission rates triggering more detailed audit. Sustained higher and lower readmission rates have been investigated in this study. The figure shows that these can vary from year to year, a phenomenon which we have not investigated. The accuracy of readmission data is important. In Scotland, a record linkage system allows readmission to any Scottish hospital to be identified.'4 It allowed this study to be based on sound data, which can be requested by individual hospitals or commissioning authorities. Outside Scotland, in areas served by a single district general hospital, local hospital readmission rates may be relatively accurate, allowing their use as an outcome indicator. In cities, where readmission to several hospitals may occur, this approach will not always be valid. Another weakness of using asthma readmission rates to prompt action on quality improvement is the time delay before they become available. Where research has shown an association between process and outcome, audit of process can bejustified as a proxy measure of outcome.
This study supports the hypothesis that for acute asthma requiring hospital admission a poorer outcome (higher readmission rates) occurs where recommended practice is implemented less consistently. The audit criteria recommended by the BTS are valid as proxy measures of outcome, as they identified significant differences in the process of care. These findings support the concept of regular audit of process of care in this condition, before the delayed evidence of readmission rates prompts action.
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